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ABSTRACT: The salt marsh surface is not a homogeneous environment. Rather, it contains a mix of different micro-
habitats, which vary in elevation, microtopography, and location within the estuarine system. These attributes act in
concert with astronomical tides and meteorological and climatological events and result in pulses of tidal flooding. Marsh
hydroperiod, the paitern of flooding events, not only controls nekton access to marsh surface habitats directly but may -
also mediate habitat exploitation through its influence on other factors, such as prey abundance or vegetation stem
density. The relative importance of factors affecting marsh hydroperiod differ between the southeast Atlantic and north-
ern Gult of Mexico coasts. Astronomical tidal forcing is the primary determinant of hydroperiod in Atantic Coast
marshes, whereas predictable tides are often overridden by meteorological events in Gulf Coast marshes. In addition,
other factors influencing coastal water levels have a proportionately greater effect on the Gulf Coast. The relatively
unpredictable timing of marsh flooding along the Gulf Coast does not seem to limit habitat utilization. Some of the
highest densities of nekton reported from salt marshes are from Gulf Coast marshes that are undergoing gradual sub-
mergence and fragmentation caused by an accelerated rise in relative sea level. Additional studies of habitat utilization
are needed, especially on the Pacific and Atlantic coasts. Investigations should include regional comparisons of similar
microhabitats using identical quantitative sampling methods. Controlled field experiments are also needed to elucidate

the mechanisms that affect the habitat function of salt marshes.

Introduction

Mitsch and Gosselink (1986) identity hydrology
as possibly the most important factor affecting the
establishment of wetdands and regulation of wet-
land processes. Pulses of tidal flooding, which char-
acterize the hydrology of estuarine marshes, drive
a multitude of wetland functuons, including the ex-
change of nutments, sediments, organic material,
and blota between the marsh and the rest of the
estuary. The hydrology of each estuarine marsh
produces a characteristic hydroperiod or pattern
of marsh flooding. The hydroperiod can bc rep-
resented graphically by plotting changes in water
level over time and marsh surface elevation
(Mitsch and Gosselink 1986). By comparing these
variables {(water level and marsh elevation) within
a given tuime pernod, the {requency (number of
flooding events per umt ume) and duration (pro-
poruon of time an area 1s mnundated) of marsh
flooding can be determined.

Marsh hydroperiod obviously controls habitat
use by nekton, because most natant organisms can
occupy the marsh surface only when it is {looded.
Studies have documented direct use of the marsh
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surface 1 several coastal areas and a wide range
of sahinity regimes (Zimmerman and Minello 1984,
Rozas and Odum 1987; Mclvor and Odum 1988:
Hettler 1989; Kneib 1991; Murphy 1991; Baltz et
al. 1993). Studies of salt marshes 1n the southeast
region of the United States have documented the
presence of at least 31 spccics in 24 familics of
fishes and seven species in three families of deca-
pod crustaceans in marsh-surface habitats (Rozas
1993). Nckton assemblages associated with the
marsh surface are numerically dominated by resi-
dent estuarine species. However, seasonal pulses of
transient estuarine speciles are regularly recruited
to marsh-surface habitats from nearshore spawning
areas, and many of these species support important
commercial fisheries.

Most research examining habitat utilization of
cstuarinc marshes has focused on frequently flood-
ed salt marshes of the southeast region of the Unit-

ed States (Rozas 1993). This region includes the

estuarics along thc northern Gulf of Mexico and
the southeast Aldantic coasts and contains 78% of
the coastal wetlands in the United States ((Gosse-
link and Baumann 1980). Salt marshes of the re-
gion are most extensive on the Gulf Coast 1in the

(160-8347/35/045739-12%01.50/0



580 {. P. Rozas

[ h -
ASTRONOMICAL METEOROLOGICAL
CLIMATOLOGICAL
TIOE
. S EFFECTS
L -
4 “
HYDROPERIOD
. P,
(VERTICAL MOVEMENTS. - “‘
o | COASTAL
F
LAND SURFACE GEOMORPHOLOGY

L ., L o

Fig. 1. lactors that influence the hydroperiod of any tidal
salt marsh can be assigned to one of four major types.

Mississippi River deltaic plain of Louisiana and on
the Adantic Coast bordering the estuarics of Geor-
gia and South Carolina. The hydrology of these
two coasts differs, not only in tidal frequency and
amplitude, but also in the influence of such factors
as weather, seasonal changes in mean sea level, and
the rate of relative sea-level rise. Therefore, the hy-
droperiods of salt marshes in the two areas are dif-
ferent.

The species assemblages of frequently flooded
salt marshes in the two regions arc very similar.
The marsh vegetation is dominated by smooth
cordgrass, Spartina alterniflora Loisel, in association
with Juncus roemerianus Scheele, Distichlis spicata
(L..) Greene, and Spartina patens (Aiton) Muhl. In
addition, assemblages of nckton, epibenthos, and
benthic infauna inhabiting salt marshes on the two
coasts are composed of the same or closely related
species {(Heard 1982; Williams 1984; Robins et al.
1986).

The goals of this paper are to describe the fac-
tors that affect the hydroperiod of frequently
tlooded salt marshes in the southeast region of the
United States and the time scales of (looding
events, to discuss the mfluence of marsh hydro-
pertod on habitat function in the region, to com-
pare marsh hydroperiod and habitat utilization be-
tween the two coasts in the region, and to briefly
discuss futurc rcsearch needs.

Factors Determining Salt
Marsh Hydroperiod

The hydroperiod within a salt marsh is con-
trolled by numecrous factors that can be grouped
into tour major categorics (Fig. 1). The degree to
which these factors influence marsh hydroperiod
differs between the northern Gulf of Mexico and
southeast Atlantic coasts.

ASTRONOMICAL TIDES

Astronomical udes inundate regularly {looded
coastal marshes either daily (diurnal tudes) or twice
daily (semidiurnal tides) during most of the vear.
The tidal magnitude depends most on the phase
of the moon, declination of the moon relative to
the equator of the Earth, and the position of the
Earth relative to the Sun. Whether marshes within
a reglon experience daily or twice-daily tides de-
pends on the relative strengths of five major con-
stituents (three semdiurnal and two diurnal) of
the astronomical tide (Marmer 1954). The semu-
dinrnal constituents dominate along the Atlantic
Coast, and udes there are mesotdal in magnitude.
Thus, this coast experiences twice-daily astronom-
1cal tides of a meter or more, with tidal amplitude
dependent largely on the phase of the moon.
Highest monthly tides occur during full and new
moons (spring tides), whereas lowest tides coin-
cide with quarter phases of the moon (neap tides).
Estuaries on the Atlantic Coast (except those with
tew Inlets and greatly restricted tidal exchange) ex-
perience average tidal amplitudes as high as 1.2 m
to 2.3 m (Dardeaux et al. 1992).

By comparison, udes along most of the Gultf of
Mexico coast are microtidal (<1 m). Because the
magnitudes of the diurnal constituents are much
greater than those of the semidiurnal constituents
(except the northern coast of Florida from Apa-
lachcc Bay Lo ncar Tampa Bay), tides in this region
are predominately diurnal, and the declination of
the moon has the greatest effect on tidal amplitude
(Marmer 1954; Ward 1980). For example, along
the Texas coast, ndal amplitudes range from 0.8 m
at maximum declination (tropical tides) to 0.2 m
at minimum declination (equatorial tides) (Ward
et al. 1980).

Tidal range also varies interannually over the
18.6-yr lunar epoch due to changes in the incli-
nation of the moon’s orbit relative to the Earth’s
equator. The amplitude of semidiurnal tides in-
creases as the inclination of the moon’s orbit de-
creases; the response of diurnal tides is greater and
in the opposite direction (Marmer 1954).

METEOROLOGICAL/ CLIMATOLOGICAL
EFFECTS

Sustained winds along coastal occan waters or a
coastal bay may cause changes in estuarine water
levels. Wind stress that forces ocean waters onshore
tends to raise (setup) estuarine water levels as sea-
water i1s driven in from the ocean. Winds that drive
coastal waters ofishore have the opposite effect;
they lower (sctdown) estuarine water levels.

Meteorological forcing may affect marsh hydro-
pertod quickly over periods as short as several



hours (due to diurnal changes in wind speed and
direction), but the most important effects of wind
stress occur at longer time scales. Strong sustained
winds associated with tropical storms, for example,
cause some of the greatest increases in coastal wa-
ter levels. Water levels in the vicinity of hurricane
landfall may exceed normal tides by several meters
(Chabreck and Palmisano 1973). However, in any
given year, the probability of such a storm affecting
an individual estuary 1s relatively low (Simpson and
Lawrence 1971). |

Although cold fronts (extra-tropical storms) usu-
ally have a less dramatic effect on coastal water lev-
els, they have a stronger influcnce on marsh hy-
droperiod, as they occur much more frequently,
and each event affects a larger coastal area than
tropical storms. Cold fronts are especially impor-
tant in microtidal environments because their ef-
tect on water levels often exceeds that of astronom-
ical tides, especially when frontal passage coincides
with equatorial tides (Smith 1979; Ward 1980;
Swenson and Chuang 1983; Pietrafesa and Janow-
itz 1988). The passage of cold fronts largely con-
trols marsh hydroperiods along the northern Gulf
of Mexico from October through March, over time
scales of 3—6 d (Smith 1978).

The effect of cold fronts on marsh hydroperiod
1s i1llustrated 1n Fig. 2, which depicts the tidal rec-
ord for portions of spring and summer 1993 re-
corded at a site in upper Galveston Bay. In spring,
the effects of passing cold fronts dominate the hy-
drograph (Fig. 2a). Strong southcrly winds may
precede a front’s arrival by several days, completely
overriding any influence of the astronomical tide,
and substantially increasing the flooding duration
of coastal marshes (Fig. 2a). Following frontal pas-
sage, the abrupt shift in wind direction to the
north and rise in barometric pressure cause water
levels to drop and result in rapid draining of tidal
marshes (Smith 1979; Ward 1980). With frontal
passage and sustained northerly winds, water levels
in the upper estuary may drop more than 1 m in
a few hours (Orlando et al. 1991). Compare the
hydrograph for April, when the astronomical tidal
signal was completely obscured in most of the rec-
ord, to water-level fluctuations recorded in July
when frontal activity was absent (¥ig. 2b). The pre-
dominantly diurnal astronomical tidal signal that
characterizes Gulf Coast estuaries is clearly visible
in Fig. 2h.

The response of marsh water-levels to wind stress
may vary in magnitude and even direction de-
pending on the location of the marsh within the
estuary. Because wind stress tilts the water surface
across an estuary, 1t may simmultaneously depress wa-
ter levels along the upwind shore and raise them
at the downwind shore. Thus, water levels in marsh

Rydroperiod Influence on Nekton Marsh Use 581

along one shorcline will respond differently to the
same wind stress than water levels i1 marsh along
the opposite shoreline. This phenomenon is most
pronounced in estuaries with restriclted inlets,
where wind stress associated with the passage of
cold fronts may cause a seichce cffect much like that
of an enclosed waterbody (Ward 1980).

Alongshore wind stress also affects water levels
on the southeast Atlantic Coast (Chao and Pietra-
fesa 1930), but the response of estuarine water lev-
¢els to north-south wind strecss is opposite that ob-
served on the Gulf Coast (Pietrafesa and Janowitz
1988). South to southwest winds cause a drop in
coastal sea-level, whereas north to northeast winds
cause a rise in sea level because of coastal Ekman
transport (Kjerfve et al. 1978; Wang and Elliot
1978; Pietrafesa and Janowitz 1988). As on the Gulf
Coast, the most important meteorological forcing
event along the southeast Atlantic is the passage of
cold fronts. These storms arc sometimes referred
to as “‘noreasters’ because the low pressure sys-
tems assoclated with cold fronts tend to track
northeast along the Atlantic Coast. Northerly
winds associated with the passage of winter storms
may persist for 2-10 d, causing sctup in estuaries
and increasing marsh hydroperiods and flooding
depths (Pietratesa and Janowitz 1988). An example
of water-level fluctuations induced by meteorolog-
1cal forcing is given by Pietrafesa and Janowitz
(1988) for the Cape Fear River estuary, North Car-
olina. Although this type of meteorological forcing
1s less dramatic relative to astronomical tides in the
mesotidal and macrotidal environments along the
Atlantic Coast, wind etfects may dominate in this
region during neap tides (Boon 1975) or in estu-
arles where restricted tidal exchange between
ocean and estuary creates a microtidal environ-
ment, for example, Albemarle Sound (Giese et al.
1979).

Seasonal shifts in the direction and magnitude
of prevailing winds also have an effect on estuarine
watcr levels and marsh hvdroperiod (Smith 1978;
Pietrafesa and Janowitz 1988; Orlando ct al. 1991).
Changes in monthly mean water-levels are thought
to be caused by seasonal shifts in prevailing winds
as well as the scasonality of freshwater discharge
from major rivers and oceanic heat storage (Pat-
tullo et al. 1955; Meade and Emery 1971; Sturges
and Blaha 1976). Monthly mean water-levels vary
by approximately 0.25 m along both the Atlantic
and Gull coasts (Patullo et al. 1955). Along most
of the Atlantic Coast, water level is lowest early in
the year (winter or spring), gradually rises to a
peak in fall, and then subsides through the rest of
the year. For example, departures from the annual
mean water-level at Charleston, South Carolina,
are —8.7 ¢m in January and +17.3 cm in October
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Fig. 2. Hydroperiods of four marsh types at Atkinson Island in upper Galveston Bay for (a) April 2-16 when the tidal signal during
most of the period was driven by wind and barometric pressure changes associated with the passage of three cold fronts (fronts
crossed the Texas coast-April 4, 8, and 15) and (b) July 10-23 when astronomical tides predominated.



(Patullo et al. 1955). Similarly, along most of the
northern Gulf Coast the water level is lowest in
wintter and highest in fall, but a secondary positive
departurc from mean water level occurs during
spring. For example at Galveston, Texas, depar-
tures of —11.2 ¢m, +5.9 ¢cm, and +13.2 ¢cm are
observed in January, May, and September, respec-
tively (Patullo et al. 1955). Although the magni-
tude of departures in the Gulf and Atlantic regions
arc similar, the effect on marsh hydropcriod is
much more significant in Gull Coast estuaries
where the scasonal variation in water level is the
same order of magnitude as the average daily tidal
range (Provost 1976). Such a range in monthly
mean watcr-level represents <25% of the daily tid-
al range along much of the Atlantic Coast.
Long-period fluctuations in coastal water-level
and marsh hydroperiod can result from changes in
weather patterns or climatic changes occurring at
frequencies of years to centuries or more. For ex-
ample, Childers et al. (1990) postulate that El
Nimo-Southern Oscillation events, which occur at
frequencics of 2-7 yr, cause increased flooding of
coastal marshes in Louisiana by increasing the rate

of precipitation both locally and in the Mississipp1

River basm. In contrast, [.a Nina events generate
dry conditions, which lower water levels and de-
crease marsh flooding in Louisiana (Childers ct al.
1990). Such fluctuations In mean annual sea-level
are known to occur on the Adantic Coast as well,
and the magnitude of the deviation from the long-
term mean 15 on the order of 10 cm for both
regions (Childers et al. 1990; Morris et al. 1990).

Although year-to-year changes in sea lcvel may
be either positive or negative, the long-term trend
1s one of a gradual eustatic rise in mean sea level
thought to be caused by climatic warming, melting
of the polar ice caps, and the resulting increase in
oceanlic water volume (Gornitz et al. 1982). How-
ever, in the context of late Holocene sea-level rise,
the current rate (0.12 em yr™!) is relatively small
(Gornitz ct al. 1982), and long-term changes in
marsh inundation depend upon vertical move-
ments of the land surface as well as custatic
changes in sea level. This absolute vertical relation-
ship between water and land is termed relative sea-
level (Penland and Ramsey 1990}. Rates of relative
sca-leve] rise vary among regions of the United
States (Stevenson et al. 1986), but in some areas,
especlally along the Gulf Coast, marsh hydroper-
10ds have been substantially increasced by this phe-
nomenon (Penland and Ramscy 1990).

VERTICAL MOVEMENTS OF
LAND SURFACE

Marsh hydroperiod is not only affected by local
tidal regime and all the factors that influence it,
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but 1t is also determined by changes in surface el-
evation. The direction and magnitude of elevation-
al changes in coastal wetlands vary regionally as do
their causes (Stevenson et al. 1986). Most of the
Atlantne Coast i1s rclatively stable, although some
marshes of Chesapeake Bay are undergoing sub-
mergence and experlencing increasing hvdroper-
10ds because accretion 1s not compensating for lo-
cal subsidence (Holdahl and Morrison 1974; Ste-
venson et al. 1986). The highest reported rates of
coastal submergence are for the northern Gulf
Coast in Texas and J.ouisiana {Penland and Ram-
sey 1990). In Galveston Bay, Texas, compactional
subsidence caused by belowground fluid withdraw-
al and subsidence along active surface faults have
caused high submergence ratcs in marshes (White
el al. 1993). The rate of relative sea-level rise is
even higher in Louisiana; in Terrebonne Parish,
for example, the rate 1s 1.19 cm yr=!, 10 tmes the
world average (Penland and Ramsey 1990). Thas
rapid rate of coastal submergence in southeast
Louisiana 1s mainly the result of delta subsidence,
which is part of the natural deltaic cvcle, and a
sediment deficit caused by human activities that
curtailed inputs from the Mississippi River to del-
taic wetlands (Baumann et al. 1984; Penland and
Ramsey 1990).

Plants and animals may influence marsh hvdro-
period by altering marsh-surface topography
(Odum 1989). Plants stabilize the marsh substrate,
tacilitate sediment accretion, and add organic mat-
ter Lo sediments (Reed and Cahoon 1992). There-
fore, in vertically stable areas (no subsidence) the
presence of vegetation may gradually reduce hy-
droperiod by raising marsh elevation (Osgood and
Zieman 1993). Intense herbivory, which complete-
ly removes the vegetation from thc marsh surface
(Lynch et al. 1947; Smith and Odum 1981), may
enhance erosion and increase hydroperiod (Llew-
ellyn and Shafler 1993). Other types of animal ac-
tivity, including that of fiddler crabs, mussels, and
small mammals, may alter the frequency and du-
rauon of marsh flooding by modiuyving the local
microtopography (Bertness 1984; Odum 1989;
Reed 1989). Although these activities cause rela-
tively small changes in marsh surface topography,
differences of only a few centimeters in microtidal
environments may cause substantial variations in
local mundation regimes (Reed 1989; Rozas and
Reed 1993). In a L.ouisiana salt marsh, a difference
in elevation of only 12 cm caused flooding dura-
tions in 1988 to vary from 21% of the time at the

highest topographic sites to 53% of the timc at low-

est sites {Reed 1989).

COASTAL GEOMORPHOLOGY

As ocean tides propagate into estuaries, they are
modified by such factors as inlet configuration, es-
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tnary and wetland gcomorphology, and local site
characteristics. Usually the tide is lagged and di-
minished m amplitude as it passes through an inlet
and wavels up the estuary (Smith 1974; Ward
1980). The degree to which the tidal crest is di-
minished depends on the dimensions of the inlet
and the relative size of the estuary. Where com-
munication between estuary and occan is limited
to one or only a few mlets having a small flow ca-
pacity relative to the volume of the estuary, tides
may be greatly dampened (e.g., Albemarle Sound,
North Carolina, and San Antonio Bay, Texas)
(Ward 1980). The dependence of tidal amplitude
on inlet dimensions 1s illustrated by changes in the
Cape Fear River estuary that followed enlargement
of the ship channel. Hackney and Yelverton {1990)
attributed a 67% increase in the tidal amplitude at
the upper rcach of the estuary to the enlarged di-
mensions of the inlet, which allowed a larger vol-
ume of water to be carried into thc estuary with
cach flood tide. With the resulting rise in high-
water datums and increased salinity in the estuary,
tidal marshes have expanded into areas historically
occupled by tudal swamps (Hackney and Yclverton
1990). Although increasing the capacity of an inlet
to convey tidal waters usually increases the tidal
amplitude in the estuary, it may also lower mean
water-level in the upper estuary (Marmer 1977).

The geomorphology of the estuary may also in-
crease tidal amplitude by constricting and magni-
fying the tide in the upper estuary. This phenom-
cnon may compensate for ndal amplitude attenu-
ation that occurs as the tide travels through an in-
let and up the estuary. Such is the case in some
tributaries of upper Chesapeake Bay, where tidal
amplitudes, even at locations hundreds of kilome-
ters from the coast, are similar to the tidal range
found at the mouth of the estuary. Fstuarine geo-
morphology and bathymetry influence water levels
in other ways as well. For example, estuaries with
a large surface-area-to-volume ratio are generally
more susceptible to mectcorologically-induced
changes in water level (Ward 1980),

Local site attributes also may influcnce marsh
hydropenod. The effect that distance from the
ocean has on tidal attenuation and marsh hydro-

period has already been discussed, but nearness to

a large river can also aflect water levels in a marsh.
Marshes on active river deltas or those located near
a major river mouth may have hydroperiods that
are greatly influenced by seasonal changes in river
discharge (Marmer 1954). Delta marshes may be
continuously inundated for extended periods dur-
ing floods. The hydroperiod of a site is also influ-
enced by its location within a marsh system. The
tidal amplitude is always greater at the mouth of a
tidal channel than at the headwater tributaries of
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Fig. 3. Marsh hydroperiod may affect the survival and
growth of nekton both directly by intluencing their access to
the marsh surface and indirectly through its effect on vegetation
and benthic organisms. Marsh plants and benthic animals may
affect hydroperiod by causing changes in surface elevation.

the marsh system (Eiser 1984). Even so, in marshes
with a well-developed system of tidal channels
(e.g., southeast Atlantic Coast), flooding of the
marsh surface usually occurs first at the heads of
first-order creeks where creek levees are not well

developed (Boon 1975; Collins et al. 1987). Other
site properties such as vegetation stem density,

- plant architecture, and microtopographic relief

may also influence marsh hydroperiod. Vegetation
and microtopographic resistance impedc the flow
of water on the marsh surface, delaying both the
onset of flooding during a rising tide and marsh
drainage as the tide ebbs (Borey et al. 1983; Eiser
1984).

Influence of Hydroperiod on Biota

Hydroperiod profoundly influences both the
structure and function of estuarine wetlands. It di-
rectly atfects nekton use of the marsh surface by
controlling access to the habitat, and also may in-
directly mediate habitat use through its influence
on marsh vegetation and the prey of nektonic
predators (Fig. 3).

PLANT COMMUNITY
Within a geographic region, hvdroperiod is sec-

- ond only to salinity in importance as a determinant

of vegetation composition in estuarine marshes
(Mitsch and Gosselink 1986; Latham et al. 1994).

- For example, marshes of the southeast region with-

in the same salinity regime as Spartina alterniflora
dominated marsh but which experience shorter
hydroperiods (higher surface elevation) are usu-
ally dommated by funcus roemerianus, Distichlis spi-
cata, or Spartina patens (Sasser 1977). Each of these



spccles possesses a characteristic growth form and
plant architecture. Therefore, by affecting vegeta-
tion composition, hydroperiod also influences the
structure of the marsh 1tseif. In general, stem den-
sity decreases with increasing hydroperiod not only
becausc S. alterniflora replaces other more densely
growing spccics on frequenty flooded marshes,
but also because the density of S. allernifiora de-
creases with flooding duranon (Mendelssohn and
Seneca 1930; West and Willilams 1986; Mendels-
sohn and McKee 1988; Reed and Cahoon 1992).

Both the total area of intertidal marsh in an es-
tuary and the location ol plant species along an
clevation gradient within the intertidal zone are
closely linked to hvdroperiod. This relationship be-
tween hydroperiod and the distribution of intertid-
al vegetation 1s illustrated by changes in thc Oos-
terschelde (The Netherlands) that followed instal-
lation of a barrier restricting tidal flow into the
estuary. The barrier reduced the tidal range and
mean high water-level to about 83% of their orig-
inal values in the estuary; 4 yr after the barrier was
constructed, most species of saltinarsh vegetation
had moved down the elevation gradient and the
total area of low marsh had measurably decreased
(De Jong et al. 1994; De Leeuw et al. 1994). Be-
cause the clevational rangc at which a species oc-
curs varies directly with tdal amplitude, the cle-
vational range at which §. alterniflora grows is much
narrower on the Gulf Coast than the Atlantic Coast
(McKee and Patrick 1988). McKee and Patrick
(1988) reported a relationship between mean tide
range and elevauonal growth range that predicts a
relatively narrow growth range (<0.5 m) for S. al-
terntflora on the Gulf Coast and in other microtidal
areas. According to this relauonship, the growth
range of 3. aflterniflora in Atlantic Coast marshes
with a mean udal range of 2 m would be three
times the range in Gulf Coast marshes.

Natant organisms using the marsh surface are
affected both directly and indirectly by marsh veg-
ctation. Plants alford nekton with cover and pro-
tection from large predators (Minello and Zim-
merman 1983; Minello et al. 1989). The plant com-
munity may also affect the growth and survival of
nekton through its influence on the benthic com-
munity (infaunal and epifaunal invertebrates). The
benthic community, a major source of food for
nektonic predators, depends on marsh plants to
provide food (detritus) and suitable habitat. Marsh
vegetation provides hiding places for benthic prey,
and may diminish the foraging efficiency of nek-

tonic predators (Vince et al. 1976; Van Dolah
1978).

BeNTHIC COMMUNITY

Numerous studies have documented relation-
ships between surface elevation (or flooding du-
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ration) and the spatial distribution of marsh infau-
na and epifauna (Teal 1958; Cammen 1976; Fell et
al. 1982; Kneib 1984, 1992; Bishop and Hackney
1987). The distribution of these animals along an
elevation gradient is influenced by both physical
and biological factors that are mediated by hydro-
period (Kneib 1984; West and Williams 1986). Few
aquatic organisms can withstand the harsh physical
conditions characteristic of high-marsh environ-
ments, which may cxperience long periods without
flooding (Bishop and Hackney 1987; Hummel et
al. 1988, 1994; Fortuin et al. 1989). Amimals inhab-
iting marshes with frequent and long periods of
iundauon are less likely to experience desiccation
and exposure to extreme temperatures but may be
exposed to greater predation pressure from natant
predators (Kneib 1984; West and Williams 1986;
Bishop and Hackney 1987; Lin 1989). However, in-
creased predator access may actuallv enhance
some benthic populations in frequently flooded
marsh by reducing the number of mtermediate
predators in the food chamn (Kneib and Suven
1932; Kneib 1988). Prey populations in low marsh
may also be replenished more rapidly because the
habitat 1s flooded more frequently and longer than
high marsh (Kneib 1993). A comphication in the
relationship between elevauon and predator access
1s that “distance 1o a subtidal area™ also may be an
important factor. Animals tens of meters from sub-
tidal habitat may be subject to less predation than
those living at the same elevation near the marsh-
water edge because predators may be impeded by
dense vegetation; alternatively, the risk of strand-
g may hmat the distance predators will travel into
the marsh from permanently-flooded habitat (Gib-
son 1988; Lin 1989; Minello et al. 1994; Peterson
and Turner 1994; Schindler et al. 1994).
Hydroperiod also may indirectly influence ben-
thic organisms through its effect on sediment con-
ditions and marsh vegetation as described above.,
Many benthic macrofaunal species are closely as-
soclated with the culms, roots, and rhizomes of
marsh plants. Rader (1984) and LaSalle and Rozas
(1991) tound higher densities of benthic infauna
associated with marsh plants than i adjacent bare
areas. Bivalve densites on the marsh surface also
were positively related to plant stern density (West
and Williams 1986; Capchart and Hackney 1989).
Minello and Zimmerman (1992) found that den-
sities of polychaetes and amphipods were posttively
correlated to the combined biomass of roots, rhi-

zomes, and detritus In the sediment of transplant-

ed salt marshes i Texas. Plants also may serve as
stable sites of attachment for tubiculous animals
(LaSalle and Rozas 1991). The presence of plants
may ncrease the volume of oxygenated sediments
in the root zone and thus expand the habitat avail-
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able for animals that require aecrobic conditions
(Teal and Kanwisher 1966; Osenga and Coull
1983). In addition, plants add organic material to
sediments and provide a food supply tor deposit-
feeding infauna (Moy and Levin 1991).

NEKTON COMMUNITY

Because occupation ol the marsh surface by
most natant organisms (fishes, crabs, and shrimps)
1s restricted to periods of inundation, hydroperiod
controls access to the habitat. Therefore, frequent-
ly flooded marshes that experience cxtended pe-
riods of submergence would seem to offer the
greatest opportunity for exploitation by nekton. To
examrine whether submergence time is important
in influencing habitat selection on the marsh sur-
face, Rozas and Reed (1993) estimated densities of
natant species in threc habitats having different el-
evations (hagh Distichlis marsh, medium Spartina
marsh, and low Spartina marsh} within a Louisiana
marsh system. When all three habitats were avail-
able for exploitation at high tide, penaeid shrimp
concentrated in the low Spartina marsh, which
flooded longer and more deeply than the other
two habitats sampled (Rozas and Reed 1993). Oth-
cr species also may exploit low Spartine marsh early
or late in the tidal cycle or during neap or equa-
torial tides when higher marsh habitat is unavail-
able.

Long pcriods of marsh submergence should
benelit organisms that forage and seek refuge on
the marsh surface, especially when food and cover
are less abundant in subtidal habitats (Weisberg
and Lotrick 1982; Mincllo and Zimmerman 1991).
Kneib (1993) found that growth rates of larval
mummichogs, fundulus heteroclitus, were positively
rclated to flooding duration in a Georgia salt
marsh, whereas mortality rates showed a negative
relationship. He attributed the higher growth rates
and lower mortality during longer flooding peri-
ods to increased prey (benthic harpacticoid cope-
pods) availability. Mummichogs had largely unre-
stricted access to prev only when the marsh surface
was flooded, which was 16% to 32% of a given 24-
h period depending on marsh elevation and tidal
conditions. During low tide, mummichogs deplet-
ed prey resources in their aquatic microhabitats
(L.e., small depressions on the marsh surface), al-
though these resources were replenished with each
new flood ude.

A prolonged hydroperiod also may indirectly
benefit predators cxploiting the marsh if it en-
hanccs their ability to forage or incrcases the pro-
ductivity of prey species. Becausc plant stem den-
sity 15 1nversely related to flooding duration, the
vegelation is sparse in low marsh (West and Wil-
liams 1986; Mendelssohn and McKee 1988; Rozas

and Reed 1993). Sparse vegetation may provide
more foraging surface than unvegetated areas, vet
may interfere less with the movement and foraging
activity of predators than thick vegetation (Vince
et al. 1976; Van Dolah 1978: West and Williams
1986).

Although high marsh is inundated infrequentdy
and for shorter duration, this habitat is exploited
by some natant spccies. During a rising tide, killi-
fishes tollow the advancing edge of flooding water
across the marsh surface, so that at high tide they
are concentrated in high marsh (Kneib 1976, 1984;
Rozas and Reed 1993; Kneib and Wagner 1994}, If
the risk of stranding can be minimized, exploiting
the huigh marsh may have several advantages. High
marsh environments may contain more food than
low marshes because prey are exposed to fewer
predators and for shorter periods of time (Kneib
1984, 1993). High marshes also have denser vege-
tation and shallower water than low marshes,
which may offer greater protection from predators.
In addition, some resident cstuarine species may
spawn mm high marsh. Selection of spawning habitat
and timing of reproduction by these species are
closcly tied to hydroperiod (Taylor et al. 1979;
Greeley and MacGregor 1983).

SUMMARY AND (CONCLUSIONS

The relative importance of factors affecting
marsh hydropcriod differ between the southeast
Atlantic and northern Gulf coasts. Hydropceriods of
most southeast Atlantic Coast salt marshes are driv-
en by astronomical udes with a frequency of two
{looding events per day. Howcver, along most of
the northern Gulf Coast, low-magnitude astronom-
1cal tides, which usually occur only once per day,
are often overwhelmed by meteorological cvents,
especially from late fall through early spring when
cold fronts are common. In addiuon, other factors
that affect coastal water levels or cause changes in
surface elevation along both coasts have a greater
effect on hydroperiod along the microtidal Gulf
Coast.

Becausc daily flooding events in Gulf Coast
marshes are greatly affected by meteorological
forcing, the nming of marsh submergence in these
marshes is less predictable than i Atantic Coast
marshes, where the hyvdroperiods are driven by
regular astronomical tides. As a result, [ewer spe-
cies might be expected to use Gulf Coast marshes
(less habitat utilization), especially organisms vul-
nerable to stranding, duc to the unpredictable na-
ture of marsh [looding there. However, a review of
the few studies available indicates that similar num-
bers of species and higher densities of animals in-
habit Gult Coast marshes compared with Atlantic
(oast marshes (Rozas 1993). The duration of



marsh surface flooding scems to be more impor-
tant than the predictability of habitat availability.
At lcast some nekton species grow morc slowly and
cxperience higher mortality when their access to
the marsh surface is limited (Weisberg and Lotrich
1982; Mincllo and Zimmerman 1991; Kneib 1993).
Fherefore, the productivity of some estuarine spe-
cles may vary with changes in the degree of marsh
flooding and habitat availability (Childers et al.
1990; Morris et al. 1990), but their existence is nei-
ther dependent on a constantly fltooded marsh nor
a predictable flooding regime.

Although portions of both coasis are experienc-
ing accelerated rates of relative sea-level rise and
salt-marsh deterioration, nowhere is this process
occurring at a faster rate or on a grander scale
than on the northern Gulf Coast in the Mississippi
River deltaic plain. In southeastern Louisiana,
large arcas of salt marsh are exposed to unusually
long periods of submergence. The hydroperiods of
these marshes are thought to exceed the flooding
tolerance of S. alterniflora, and conscquently
marshes are gradually undergoing vegetation de-
terioration and conversion to open water (Sasser
et al. 1986; Mendelssohn and McKee 1988). The
implication for nekton is that coastal submergence
increases the percentage of time the habitat is
available for use by lowering the marsh-surface el-
evation and increasing hydroperiod {(Rozas -and
Reed 1993). When marshes deteriorate and frag-
ment via this process, habitat access is also en-
hanced as the amount of marsh-water interface in-
creases (Zimmerman ct al. 1991). Most nektonic
species and almost all fishery species that exploit
the marsh surface in the southcast region of the
United State use thce marsh immediately adjacent
lo subudal habitat to a much grcater degree than
interior marsh (Minello et al. 1991, 1994; Kneib
and Wagner 1994; Peterson and Turner 1994),

Marshes affected by coastal submergence appear
to be very productive, at least over the short term,
Among the highest densities of nekton reported
from studies of marsh-surface habitats are those
documented from salt marshes undergoing coastal
submergence (Zimmerman and Minclio 1984; Ro-
zas and Reed 1993). This process of gradual marsh
submergence and deterioration may be important
for maintaining the high productivity of species
that use the marsh surface, some of which (e.g.,
penaeld shrimp) support valuable fisheries in the
Gulf of Mexico. Zimmerman et al, (1991) attribute
an increase in the production of penaeid shrimp
and menhaden in the northern Gulf of Mexico
over the last 20-30 yr to marsh [ragmentation
caused by coastal submergence. However, the pro-
ductivity of species dependent on marshes can be
sustained over the long term only if there is no
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significant loss in the total area of marsh habitat.
In arcas undergoing coastal submergence, the hab-
itat base 18 sustainable only where losses are offset
by marsh creation, for example, through delta-
building processes. The formation of new marshes
in coastal Louisiana, however, has been greatly cur-
tailcd by man interrupting the natural delta cycle
ol thc Mississippi River. As a result, the total area
of coastal marshes is declining (Dunbar et al.
1992). Freshwater environments are gradually be-

ing replaced by salt and brackish marshes (Cha-

breck and Linscombe 1982), and this may partially
oftset the loss of fishery habitat over the short

term. However, continued degradation and reduc-

tions in the total arca of primary fishery habitat
will eventually lead to a reduction in the produc-
nvity ol spccies dependent on coastal marshes
(Zimmerman ct al. 1991).

Most research on direct use of salt marshes by
nekton is descriptive, and geographic coverage is
limited. Although research on this topic is not ex-
lensive anywhere, most has been carricd out along
the northern Gulf Coast. A few studies of Atlantic
Coast marshes have been published, but other
than Chamberlain and Barnhart (1994), studies of
natural marshes of the Pacific Coast are not avail-
able m the litcrature; therefore, comparisons be-
tween the Pacific Coast and other regions would
be inappropriate to make at this time. Compari-
sons between the Gulf and Atlantic coasts must be
considered only tentative at this time because stud-
ies conducted thus far have employed a variety of
sampling methods in different marsh-surface mi-
crohabitats. More studies of habitat utilization are
needed, especially on the Pacific and Adantic
coasts, and futurc investigations should include re-
gional comparisons of similar marsh-surface micro-
habitats using identical quantitative sampling
methods. Because habitat exploitation depends on
marsh hydrology, hydroperiod data should bce rou-
tinely collected in these studies. Currently, such
data are rarely collected and reported in the lit-
erature.

Many questions about the influence of hydro-
period on habitat function remain unanswered for
tidal salt marshes. A major difficulty is that hydro-
pertod affects many proccsses that also may indi-
rectly mfluence habitat funcuon. For example, hy-
droperiod affects the density and distribution of
both plants and benthic infauna. But the abun-

dance of some benthic infauna is related to vege-

tattion distribution. All three factors (hydroperiod,
benthic infauna, and vegetation) could influence
nekton use of marsh habitat, and sorting out the
relationships and elucidating the processes will not
be easy. Carefully controlled experiments offer the
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best hope [or elucidating all the mechanisms influ-
encing habitat function.
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